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Abttract 

The  goal  of  this  study  was  to  identify  ways  to  stimulate  the  germination  of  seeds 
of  vorious  grosses  and  legumes  erf  potential  volue  in  revegefotion  erf  ormy 
training  grounds  or  similor  damaged  lands  Ten  treatments  (including  o  control) 
were  used  on  ten  species  of  ptonts  Four  of  the  treatments  used  plant  hormones 
(kin^n  and  gibberellic  acid),  and  five  were  environmentol.  including  cold 
exposure,  hot  woter  sooks  ond  cold  vMiter  soaks  Of  these  the  gibberellic  ocid 
irectfments  yielded  the  nfx>st  spectacular  results  mcreosing  the  germination  rate 
more  than  three  times  that  of  the  control  in  some  coses  The  environmentol 
treatments  were  relatively  ineftective.  although  the  hot  water  soaks  and  the  cokJ 
exposure  often  suppressed  germiralioii  somewhat  Microbiol  contamination 
was  much  reduced  by  the  hot  woter  soak,  whch  rrxiy  be  beneficioi  in  some 
circumstances 
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Effects  of  Seed  Treatments  on  Germination 

DEBORAH  DIEMAND,  ANTONIO  J.  PALAZZO  AND  MOHAMMAD  SHARIF 


INTRODUCTION 

Army  training  Icinds  require  periodic  plant  re¬ 
establishment  or  rehabilitation  to  restore  the  vege¬ 
tative  cover  to  maintain  training  realism  and  retard 
erosion.  Rapid  plant  germination  will  help  to  short¬ 
en  establishment  times.  Grasses  and  legumes  are 
the  two  primary  groups  of  plants  used  for  revege¬ 
tating  training  lands.  Their  germination  times  range 
from  a  few  days  up  to  a  month. 

Seed  germination  usually  depends  on  the  proper 
light,  moisture  and  temperature  conditions  to  acti¬ 
vate  the  process.  These  factors  are  not  always  present 
at  the  desired  levels  in  the  usually  inhospitable 
environments  asscK'iated  with  training  lands.  Vari¬ 
ous  hormonal,  physical  and  chemical  treatments 
have  been  used  to  promote  seed  germination  in 
forage  and  vegetable  crops.  These  treatments  will 
decrease  inherent  germinatii  n  times  to  lake  advan¬ 
tage  of  ephemeral  optimum  germination  environ¬ 
ments. 

The  objectives  of  this  study  were  to  investigate 
the  effectiveness  of  ten  seed  treatments  (including  a 
control)  in  reducing  the  germination  times  of  ten 
plant  species  commonly  used  for  re\  vgetating  dam¬ 
aged  ground. 

Fotirof  the  ten  treatments  used  in  this  study  u.sed 
the  plant  hormones  gibberellic  acid  and  kinetin.  The 
role  of  plant  hormones  in  germination  has  been 
extensively  studied,  and  much  of  this  work  has 
concerned  the  gibberellins,  of  which  gibberellic  acid 
is  one  form.  The  gibberellic  .icid  used  in  this  study 
was  GA^.  Gibberellins  have  been  shown  to  be  suc¬ 
cessful  not  only  in  breaking  dormancy  in  some 
seeds  but  also  in  accelerating  germination  in  non- 
dormant  seeds  (Bewley  and  Black  1982).  The  germi¬ 
nation  rate  of  a  number  of  plants,  notably  lettuce, 
oats  and  barley,  is  markedly  enhanced  bv  treatment 


with  gibberellins.  The  optimum  application  rates  of 
gibberellins  vary  for  different  species  of  plants. 
Among  monocotyledons,  observations  have  been 
infrequent  and  generally  restricted  to  food  species 
such  as  oats  and  barley.  There  appears  to  be  little 
evidence  that  gibberellins  stimulate  germir.ation 
under  optimum  conditions;  however,  under  subop¬ 
timum  temperature  and  light  conditions,  germina¬ 
tion  of  some  grasses  (e  g.  Kentucky  bluegrass  and 
zoysiagrass)  is  enhanced  (Beard  1973). 

Cytokinins  (kinetin  is  a  synthetic  cytokinin )  have 
also  been  shown  to  stimulate  germination  in  certain 
plants,  although  the  evidence  is  less  clear  (Mayer 
and  Foljakoff-Mayber  1989).  Often  these  com  pounds 
appear  to  interact  with  other  plant  hormones  present 
at  the  same  time,  such  as  gibberellins  or  abscisic  acid 
(ABA),  by  counteracting  their  inhibiton,”  effects 
(Bewley  and  Black  1982).  Khan  (1971)  suggested 
that  while  gibberellins  actually  actively  promote 
germination,  the  function  of  cytokinins  is  simply  to 
suppress  any  inhibitors,  such  as  ABA,  to  allow 
germination  to  prixeed. 

Five  of  the  treatments  were  environmental.  Of 
these,  four  involved  soaking  for  1  or  3  days  in  either 
hot  water  (40''C)  or  cold  water  (2°C).  In  the  fifth 
treatment  .seeds  were  soaked  overnight  and  then 
kept  in  a  cold  rix>m  at  -5"C  for  a  week. 

Stiaking  seeds  in  water  decreases  the  time  to  ger¬ 
mination  by  softening  or  mexlifying  hard  seed  coats, 
removing  inhibitors  and  imbibing  the  seeds.  For 
very  hard  seed  coats,  soaking  in  hot  water  may  suc¬ 
ceed  if  the  cold  water  treatment  is  inadequate  (Hart¬ 
mann  and  Kester  1975). 

Cold  treatment  is  commonly  used  as  a  type  of 
stratification  to  induce  germination  in  certain  seeds 
that  require  a  peritxl  of  low  temperature  for  germi¬ 
nation.  These  are  largely  seeds  of  woody  trees  and 


shrubs  (Hartmann  and  Kester  1975).  It  also  brings 
about  prompt  and  uniform  germination  in  other 
species,  such  as  switchgrass  and  deer  tongue. 

MATERIALS  AND  METHODS 
Materials 

The  ten  species  selected  for  this  study  have  char¬ 
acteristics  useful  for  revegetating  army  training  lands 
(App.  A).  The  species  were: 

•  Ladino  clover  [Trifoliian  repens  L.] 

•  Birdsfoot  trefoil  [Lotus  corniculatus  L.] 

•  Buffalograss  [Buchloe  dactyloides  Nutt.] 

•  Blend  of  perennial  ryegrass  cultivars  [Loliiim 
pcrenne  L.j 

•  Timothy  [Phleum  pratcnse  L.j 

•  Indian  ricegrass  [On/zn/'.s;';  liynicnoides  (R.  and 

S.)  Ricker] 

•  Tall  fe.scue  [Festuai  iiriimliiuia'u  Schreb.] 

•  Hard  fescue  [Fcstuca  oinuu  (L.)  var.  ditrar] 

•  Big  bluegras^.  [/’.la  uinpla  Merrill] 

•  Switchgrass  [/’(ni(c/n»  z'ir^iiluiii  1,.]. 

Each  of  the  seed  tvpes  was  exposed  to  ten  treat¬ 
ments  to  stimulate  germinatii<n,  with  three  replica¬ 
tions  of  each  treatment.  Fi\  e  of  these  treatments  were 
environmental,  and  four  u  ere  hormonal.  One  was  a 
control. 

The  chemicals  used  in  tlu-  treatments  were  pur¬ 
chased  from  Sigma  Chemical  Co.,  kmetin  commer¬ 
cial  grade,  stivk  no.  K-.''37S,  and  gihberellic  acid, 
stcKk  No.  Cl-102.‘s.  rhe\'  were  dis.solved  in  distilled 
deioni/ed  water  before  use.  The  gihherellic  acid  was 
mixlerafelv  soluble  m  water,  tnit  the  kinetin  had  to  be 
di.s.solved  in  a  small  (nnighlN  H'"w  sr'Iution)  amount 
of  HC'l  before  a  stock  soluta'ii  could  be  made. 

Treatments 

The  methods  for  the  treatments  were  as  follows. 
7.  Cold  Irrulnii'nl 

A  small  i|uantit\  of  seevls  was  placed  m  a  SOtl-ml, 
beaker  and  soaked  o\crmght  in  about  KK)  mL  of 
distilled  water.  Tln’  seeds  wi're  counteil  into  each  of 
three  petn  dishes  linixi  w  ith  moist  filter  paper.  These 
dishes  were  then  placed  in  an  unlit  cold  room  at  -5  C 
for  a  w  eek. 

2.  Wiinn  u’liter  soak  I  day 

A  small  quantity  of  seeds  was  placed  in  a  5(X)-mL 
beaker,  and  about  300  ml.  of  distilled  w'ater  was 
added.  The  beakers  were  then  put  into  an  environ¬ 
mental  chamber,  lit  by  incandesci-nt  bulbs,  at  40  C 
for  24  hinirs.  At  th*-  end  of  fhis  time  the  seeds  were 
rinsed  in  distilletl  water  and  dried  overnight  at  room 
temperature 


3.  Warm  water  soak — 3  days 

The  seeds  were  treated  as  above  except  that  after 
24  and  48  hours  the  water  was  drained  and  replaced 
with  fresh  distilled  water  at40°C.  After  three  days  the 
seeds  were  rinsed  and  dried  as  above. 

4.  Cold  zoater  soak — 7  day 

The  seeds  were  treated  as  in  number  2  above 
except  that  the  environmental  chamber  was  kept  at 
2°C. 

5.  Cold  zoater  soak — 3  days 

The  seeds  were  treated  as  in  number  3  above 
except  that  the  environmental  chamber  and  fresh 
distilled  water  were  kept  at  2°C. 

6.  Gibberellic  acid  (CAj) — 200  ppm 

The  seeds  were  soaked  in  about  100  mL  of  a  200- 
ppm  (approximately  5  x  10~*M)  solution  of  gibberel- 
lic  acid  potassium  salt  (CmHjtOhK)  for  18  hours  at 
room  temperature.  The  w'et  seeds  were  put  directly 
into  prepared  pelri  dishes. 

7.  GihbcrclIic  actd  (GA  0 — 2000  ppm 

Theseeds  were  treated  as  above  except  the  concen¬ 
tration  of  the  CA  was  20(X1  ppm  (approximately  5  x 
10--^  M). 

8.  GibbcrcHtc  acid  (GA  O  plus  kinclin 

The  siH'ds  were  treati'd  as  in  number  7.  At  the  end 
of  the  18-hour  period,  the  GA  solution  was  drained 
off  and  about  KM)  ml,  of  a  )00-ppm  (approximately  5 
X  1(H  M)  solution  of  kinetin  w  as  added.  The  seeds 
were  soaked  in  this  ti'r  three  minuti'sand  then  placed 
immediately  inti>  prepared  petn  dishes. 

9.  Kmctin-  100  ppm 

rile  seeds  were  soaki'd  in  a  UM'-ppm  solution  of 
kinetin  for  about  three  minutes  before  being  put  into 
prepared  petri  dishes. 

10.  Control 

The  seeds  were  not  treateii. 

Incubation 

After  the  treatments  three  samples  of  50  seeds 
from  each  treatment  wi'ic  counted  into  moist  filter 
paper  in  12.5-cm  plastic  petn  di.shes.  The  tiishes  were 
stacked  three  deep  on  a  lab  bench,  with  all  treatments 
of  the  same  species  together.  The  germinated  seeds 
were  counted  and  discarded  about  three  times  a 
week  for  two  weeks  or  until  ail  seeds  or  the  control 
had  completely  germinated  Water  was  added  to  the 
dishes  as  needed  at  the  same  time.  At  the  end  of  two 
weeks,  the  ungerminated  seeds  were  counted  to  ob¬ 
tain  the  actual  number  of  seeds  in  each  sample. 

The  students  who  tended  the  dishes  and  counted 
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the  germinated  seeds  noticed  that  there  was  a  fairly 
strong  thermal  gradient  along  the  bench  because  of 
an  outside  door  at  one  end.  The  result  of  this  was  that 
the  dishes  farthest  from  the  door  were  warmer  than 
those  nearer  to  it  and  tended  to  become  dry. 

Two  series  of  experiments,  each  containing  five 
species,  were  run  at  a  time.  The  first  series  (timothy, 
tall  fescue,  birdsfoot  trefoil,  switchgrass  and  big  blue- 
grass)  was  run  from  14  to  28  October,  while  the  sec¬ 
ond  series  (perennial  ryegrass,  Indian  ricegrass,  ladi- 
no  clover,  buffalograss  and  hard  fescue)  was  run 
from  4  to  18  Newember.  The  five  species  in  each  series 
were  laid  out  in  the  order  given,  starting  from  theend 
of  the  bench  closest  to  the  door: 


RESULTS 

Some  of  the  dishes  became  contaminated  with 
molds  and  bacterial  growth  (indicated  by  discol¬ 
ored  patches).  Table  1  is  a  qualitative  comparison  of 
the  degree  of  these  two  types  of  contamination. 

Tables  of  the  raw  data  for  all  ten  treatments  and 
species  are  shown  in  Appendix  B,  along  with  graphs 
showing  thecumulativ'e  percentages  of  germinated 
seeds  throughout  the  period  of  observation. 

Table  2  shows  the  qualitative  summary  of  the 
relative  effects  of  the  various  treatments  on  the  ten 
species  studied.  Since  we  arc  concerned  with  the 
early  germination  of  the  seeds,  effects  noted  refer 


Table  1.  Qualitative  comparison  of  the  degree  of  bacterial  and  mold  contamination 
visible  during  the  incubation  of  the  seeds. 
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primarily  to  the  germination  rates  early  in  the  incu¬ 
bation  period  rather  than  the  overall  number  of 
seeds  germinated  by  the  end  of  the  study.  Graphs 
showing  the  effect  of  each  treatment  on  the  10 
species  used  in  this  study  are  given  in  Appendix  C. 

Birdsfoot  trefoil 

The  rate  and  proportion  of  germinating  seeds  is 
sufficiently  high  in  the  untreated  seeds  of  this  spe¬ 
cies  that  treatment  of  any  sort  is  not  w'arranted. 
Some  hormonal  treatments  did  stimulate  germina¬ 
tion  but  only  to  a  modest  degree,  while  all  of  the 
environmental  treatments  greatly  reduced  the  ger¬ 
mination  rate.  The  warm  water  treatment  seems  to 
have  either  killed  most  of  the  seeds  or  severely 
inhibited  their  germination. 

Ladino  clover 

Like  birdsfoot  trefoil  this  species  germinated  ex¬ 
tremely  rapidly,  and  the  use  of  any  sort  of  treatment 
would  .seem  to  be  unnece.ssary.  However,  where 
\  irtually  instantaneous  germination  is  desirable, 
this  species  might  be  a  good  choice,  as  we  found 
nearly  100"..  germination  in  both  gibberellin  treat¬ 
ments  on  the  first  day. 

Buffalograss 

The  seeds  used  in  this  experiment  were  3-4  years 
old  and  w'ere  not  hulled.  Either  of  these  factors  may 
ha\'e  contributed  to  the  poor  showing  of  this  spe¬ 
cies,  with  less  than  10"..  germinated  after  2  weeks  of 
incubation.  The  in  erall  germination  was  so  poor 
that  we  caimot  make  any  valid  conclusions  about 
the  effectiveness  of  the  treatments. 

Perennial  ryegrass 

None  of  the  treatments  showed  a  significant 
increase  over  the  control.  In  fact,  most  of  them 
appear  to  delay  germination.  As  this  species  is  well 
adapted  for  and  frequently  used  in  cool  conditions, 
the  conditions  that  pre\'ailed  in  this  study  may 
unfairly  reflect  the  value  of  the  species  in  a  revege¬ 
tation  program,  since  all  species  were  kept  at  room 
temperature,  much  warmer  than  optimum  for  this 
plant.  However,  we  consider  its  relativ'e  responses 
to  the  treatments  \  alid. 

Timothy 

Like  the  two  legumes,  timothy  appears  to  germi¬ 
nate  quickly  and  completely  enough  that  any  sort  of 
treatment  to  hasten  germination  would  be  unnece.s¬ 
sary.  In  fact,  seceral  of  the  treatments  inhibited 
germination  to  a  greater  i>r  lesser  degree. 


Indian  ricegrass 

This  species  was  strongly  stimulated  by  all  three 
treatments  containing  gibberellins,  as  well  as  by  the 
3-day  cold  water  soak.  This  implies  that  a  natural 
hormonal  inhibitor  is  at  work,  counteracted  by  the 
gibberellins  on  ^he  one  hand  and  removed  by  soak¬ 
ing  on  the  other.  These  four  treatments  produced 
twice  the  number  of  germinated  seeds  after  4  days 
as  the  control  did.  After  7  days  it  appears  that  ger¬ 
mination  in  all  treatments  had  virtually  ended.  By 
the  end  of  the  observation  period  at  14  days,  the  two 
gibberellin-only  treatments  still  showed  twice  the 
proportion  of  the  germinated  seeds  as  the  control, 
while  the  gibberellin  plus  kinetin  was  somewhat 
less  than  this  and  the  three-day  cold  water  soak 
showed  little  improvement  over  the  control.  This 
significant  improvement  in  not  only  the  speed  of 
germination  but  also  the  final  number  of  seedlings 
suggests  that  gibberellic  acid  treatment  for  this  spe¬ 
cies  might  be  worth  the  trouble  and  expense. 

Tall  fescue 

These  seeds  showed  an  inconsistent  response  to 
both  environmental  and  hormonal  treatments.  Ger¬ 
mination  was  strongly  inhibited  by  the  cold  treat¬ 
ment,  little  affected  by  the  two  3-day  soaks  and 
unaffected  by  the  two  kinetin  treatments.  However, 
germination  was  strongly  stimulated  by  both  1-day 
soaks  and  by  both  concentrations  of  gibberellic  acid 
without  kinetin.  It  is  unfortunate  that  these  seeds 
were  not  observed  between  the  first  and  the  fifth 
day  after  incubation  began,  as  the  data  suggest  that 
the  gibberellin  treatments  may  have  strongly  stim¬ 
ulated  early  germination. 

Big  bluegrass 

The  untreated  seeds  of  this  species  germinated 
very  poorly .  At  the  end  of  2  weeks  only  25%  of  them 
had  germinated.  By  contrast,  the  same  seeds  treated 
with  high  concentrations  of  gibberellic  acid  germi¬ 
nated  quickly  and  in  large  numbers,  achieving  a 
germination  rate  of  three  times  that  of  the  control. 
The  1-day  cold  water  soak  was  the  only  environ¬ 
mental  treatment  showing  any  promise. 

Hard  fescue 

None  of  the  treatments  stimulated  germination. 
Most  of  them  had  no  effect,  while  three,  including 
the  two  kinetin  treatments,  appeared  to  suppress 
germination.  The  germination  rate  of  the  control  is 
high  enough  that  pretreatment  of  this  species  would 
not  be  worthwhile. 
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Switchgrass 

Unlike  for  the  other  species  studied,  all  treat¬ 
ments  stimulated  germination.  The  least  successful 
of  the  treatments  produced  nearly  twice  the  germi¬ 
nation  rate  of  the  control  after  four  days.  The  great¬ 
est  success  was  from  the  higher  concentrations  of 
gibberellic  acid,  with  a  germination  rate  more  than 
three  times  that  of  the  control. 

DISCUSSION 

Germination  in  a  number  of  the  species  used  in 
this  study  was  impro\'ed,  sometimes  dramatically, 
by  the  gibberellic  acid  treatments,  such  as  indian 
ricegrass,  tall  fescue,  bigbluegrassand  switchgrass, 
three  of  which  are  native  plants.  While  this  is  en¬ 
couraging  from  the  standpoint  of  establishing  these 
grasses  o,uickly  in  the  field,  there  is  also  some  evi¬ 
dence  that  GA  treatment  may  produce  abnormal 
seedling  growth  (Hartmann  and  Kester  1975).  Be¬ 
fore  any  large-scale  use  in  the  field,  this  possibility 
should  be  investigated. 

Only  two  of  our  experimental  grasses  responded 
favorably  to  the  kinetin  treatment,  big  bluegrass 
and  switchgrass.  The  combined  GA/kinetin  treat¬ 
ment  showed  a  more  dramatic  effect  than  kinetin 
alone,  but  it  seems  likely  that  this  is  a  result  of  the 
GA  alone.  The  indifferent  success  of  the  kinetin 
treatment,  compared  with  the  excellent  response  to 
GA,  suggests  that  research  effort  would  be  more 
profitably  spent  on  the  latter. 

Soaking  is  most  often  used  to  speed  germination 
in  fairly  large  seeds  with  thick  seed  coats.  The  only 
seeds  we  used  that  had  heavy  seed  coats  were 
buffalograss.  It  is  clear  from  the  results  shown  in 
Appendix  B  that  none  of  the  soaking  treatments 
improved  germination  in  this  species.  It  is  clear,  too, 
from  the  treatment  comparison  graphs  in  Appendix 
C  that  neither  of  the  warm  water  soaks  was  partic¬ 
ularly  successful  in  any  of  the  species,  actually  sup¬ 
pressing  germination  in  most.  However,  the  cold 
water  soaks  resulted  in  moderately  increased  ger¬ 
mination  in  a  few  cases,  notably  switchgrass,  big 
bluegrass  and  ind  ian  ricegrass.  All  of  the  seeds  used 
in  this  study  were  relatively  small;  some  were  tiny. 
Therefore,  softening  of  the  seed  coat  probably  con¬ 
tributed  little  to  the  modest  benefits  attributable  to 
this  treatment.  It  is  more  likely  that  the  removal  of 
inhibitors  played  the  major  role. 

The  cold  treatment  we  u.sed  in  this  experiment 
was  quite  short,  little  more  than  a  week.  Its  inhibito¬ 
ry  effect  was  quite  strong  in  several  of  the  species, 
and  only  switchgrass  showed  significantly  improved 
germination.  It  is  possible  that  if  the  seeds  were  left 


in  the  cold  fora  longer  period  the  germination  rates 
might  be  quite  diffen-nt. 

While  it  was  not  our  original  intention  to  observe 
microbial  contamination  patterns  during  the  incu¬ 
bation  period,  observations  made  by  the  students 
have  interesting  implications  and  deserve  mention. 
The  first  series  of  seeds,  as  shown  in  Table  1 ,  shows 
littlecontamination;  the  second  series  shows  a  great 
deal.  There  is  a  strong  likelihood  that  this  apparent 
dichotomy  is  an  artifact  since  the  students  had  not 
been  specifically  instructed  to  watch  for  this  sort  of 
developmenf  at  the  start  of  the  project  but  were  told 
to  note  any  observable  contamination  at  the  begin¬ 
ning  of  the  second  series.  For  this  reason  the  molds 
noted  in  the  first  series  were  probably  more  con¬ 
spicuous  than  the  notations  suggest  since  the  stu¬ 
dents  making  the  observations  noted  their  occur¬ 
rence  without  direction.  Nevertheless,  no  valid  con¬ 
clusions  can  be  drawn  regarding  the  relative  abun¬ 
dance  of  contaminants  between  the  two  series.  There 
are,  however,  two  observations  that  are  very  sug¬ 
gestive  and  may  be  worth  following  up  with  addi¬ 
tional  research. 

First,  there  were  neither  molds  nor  discoloration 
noted  in  any  of  the  samples  treated  with  the  3-day 
warm  water  soak.  The  implication  is  that  any  spores 
in  the  seeds  germinated  during  the  soaking  period 
and  were  killed  by  the  subsequent  drying.  While  it 
is  also  true  that  this  treatment  delayed  germination 
in  many  species,  it  is  possible  that  a  soak  at  a  some¬ 
what  lower  temperature,  e.g.  30°C,  could  have  the 
same  effect  on  the  microbial  contaminants  while 
either  stimulating  germination  or  at  least  not  re¬ 
tarding  it.  This  antimicrobial  treatment  vvould  be 
especially  valuable  when  using  seeds  known  to  be 
prone  to  rotting. 

The  second  observation  is  that  the  gibberellic 
acid  plus  kinetin  treatment  appears  to  stimulate 
microbial  growth  quite  strongly.  If  this  can  be  con¬ 
firmed,  it  may  prove  possible  to  disinfect  seeds 
before  planting  through  a  modified  drying  process 
similar  to  that  used  for  the  warm  water  soak.  This 
could  prove  valuable  for  species  such  as  big  blue¬ 
grass,  whose  germination  was  inhibited  by  the  warm 
water  soak  but  stimulated  by  the  GA-kinetin  treat¬ 
ment. 

CONCLUSIONS 

The  response  of  the  ten  species  to  environmental 
and  hormonal  stimuli  was  extremely  varied,  and  it 
is  likely  that  this  diversity  would  exist  in  other 
revegetation  candidates.  Some  species,  such  as  ladi- 
no  clover,  birdsfoot  trefoil  and  timothy,  germinate 
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rapidly,  and  pretreatment  of  any  sort  seems  unnec¬ 
essary.  The  extremely  fast  germination  of  gibberel- 
lin-treated  ladino  clover  may  be  useful  for  certain 
purposes,  if  subsequent  growth  is  normal  and 
healthy.  This  deserves  further  investigation. 

In  general  the  environmental  treatments  were 
relatively  ineffective.  While  indian  ricegrass,  switch- 
grass  and  tall  fescue  responded  well  to  the  cold 
water  soaks,  for  the  most  part  these  treatments 
either  inhibited  germination  or  had  little  effect. 

The  gibberellin  treatments,  on  the  other  hand, 
produced  some  startling  increases  in  germination 
rate,  especially  in  big  bluegrass  and  switchgrass. 
Since  previous  work  has  shown  that  the  germina¬ 
tion  rate  is  strongly  influenced  by  the  concentration 
of  the  gibberellin  solution  used,  it  would  be  useful 
to  conduct  a  follow-up  study  on  some  of  the  more 
promising  species  to  determine  the  optimum  solu¬ 
tion  molarity,  whether  the  beneficial  effects  are 
retamed  when  the  seeds  are  germinated  in  soil,  and 
whether  subsequent  seed  ling  grow  th  is  normal  and 
healthy.  It  may  be  worth  trying  to  discover  why  the 
two  most  gibberellin-sensitive  species  are  also  the 
only  two  showing  a  positive  response  to  kinetin. 

In  spite  of  its  unremarkable  performance  in  this 
experiment,  bu  ffalograss  deserves  further  attention 
because  of  its  wide  range  and  tolerance,  once  estab¬ 
lished,  of  poor  growing  conditions  (App.  A).  At  the 
very  least  a  parallel  series  of  tests  should  be  con¬ 
ducted  using  hulled  seeds. 

Another  native  grass,  big  bluegrass,  is  also  a 
promising  candidate  for  further  study.  Since  this 
species  has  potential  value  in  revegetation  applica¬ 
tions  throughout  the  American  West,  further  inves¬ 
tigation  into  its  response  to  various  gibberellins  and 
perhaps  other  hormones  would  be  of  value. 

Finally,  further  study  of  a  third  native  grass, 
switchgrass,  would  be  of  interest  for  a  number  of 
reasons.  First,  it  is  a  good  choice  for  revegetation 
projects  because  it  occurs  naturally  in  a  wide  variety 
of  environments.  Second,  it  is  difficult  to  establish. 
Third,  its  germination  is  favorabl)'  influenced  by 
virtually  emy  treatment.  Perhaps  additional  treat¬ 
ments  should  be  investigated  to  find  the  easiest  and 
most  effective  one  for  this  species.  And  last,  seven  of 


the  eight  grasses  used  in  this  study  are  members  of 
the  same  subfamily;  switchgrass  is  the  lone  excep¬ 
tion.  Since  it  stands  out  among  the  other  grasses 
studied  as  the  one  most  amenable  to  pretreatment, 
it  is  possible  that  other  closely  related  species  may 
respond  similarly  and  could  provide  valuable  alter¬ 
natives  to  species  now  commonly  used  for  revege¬ 
tation. 
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APPENDIX  A:  CHARACTERISTICS  OF  THE  SPECIES  USED  IN  THIS  STUDY 


The  following  species  were  used  in  this  study: 
Family  Leguminoseae 

Ladino  clover  [Tri folium  rcpcus  L.] 

Birdsfoot  trefoil  [Lofi/s  coniiculatus  L  ] 

Family  Gramineae 
Subfamily  Poaceae 
Tribe  Chlorideae 

Buffalograss  [Bucliloc  tiacti/loides  Nutt.] 
Tribe  Hordeae 

Blend  of  perennial  ryegrass  cultivars 
pert’une  L.] 

Tribe  Agrostideae 

Timothy  [Phleum  pratensc  L.j 

Indian  ricegrass  [On/zop.sis  Uymenaides  (R. 

and  S.)  Ricker] 

Tribe  Festuceae 

Tall  fescue  [Fcstuco  arundinacea  Schreb.] 
Hard  fescue  [Foituca  ovim  (L.)  var.  dinar] 
Big  bluegrass  (Pew  ampin  Merrill] 

Subfamily  Panicoideae 
Tribe  Paniceae 

Switchgrass  [Panicum  virgatum  L.]. 

LEGUMES 

Ladino  clover  (Trifolium  repens) 

This  large  type  of  white  clover  was  first  recorded 
in  the  United  States  in  1891.  It  has  been  gradually 
introduced  into  the  western,  northeastern,  north- 
central  and  southeastern  U.S.  It  spreads  by  stolons 
and  is  propagated  by  seed.  Ladino  clover  does  not 
bloom  as  early  or  as  profusely  as  the  smaller  white 
clovers.  It  is  not  winter-hardy.  It  grows  best  in  moist, 
temperate  areas  with  light  .soils  (Heath  et  al.  1973). 

Birdsfoot  trefoil  (Lotus  comiculatus) 

This  is  a  perennial  forage  legume  native  to  Europe 
and  parts  of  Asia.  The  many  cultivars  available  vary 
in  size,  habit,  time  to  flowering,  hardiness  and  growth 
rate.  In  general,  birdsfoot  trefoil  can  tolerate  a  wide 
variety  of  soil  types  and  conditions,  preferring  fer¬ 
tile,  well-drained  soils  with  a  pH  of  6.2  or  higher.  It 
has  a  well-developed  taproot  with  numerous  lateral 
branches  in  the  top  30-60  cm  of  the  soil.  Plants  may 
be  propagated  by  root  or  stem  cuttings  and  by  seed. 


It  requires  16  hours  of  daylight  for  full  flowering, 
lacking  which  flowering  is  reduced  and  the  plants 
have  a  more  prostrate,  rosette  growth  habit  (Heath  et 
al.  1973). 

GRASSES 

Buffalograss  (Buchloe  dactyloides) 

This  dioecious  perennial  is  native  to  dry  prairies 
and  plains  of  west-central  North  America.  It  is  the 
mo<=^  important  constituent  of  the  short-grass  prair¬ 
ies  and  is  a  semi-arid  warm-season  turfgrass.  It 
spreads  by  profusely  branching  stolons  thatproduce 
clumps  of  short  culms  from  each  node,  resulting  in  a 
dense  sod  with  a  shallow  root  system.  The  seeds  are 
borne  in  hard  burrs  that  may  produce  a  low  germina¬ 
tion  percentage;  this  can  be  improved  by  chilling  and 
dehulling.  It  has  excellent  resistance  to  drought  and 
toleremce  to  submersion  but  poor  shade  tolerance.  It 
grows  well  in  soils  with  a  high  clay  content  but  does 
not  succeed  in  sandy  soils.  It  is  tolerant  to  alkali.  It 
can  be  propagated  by  either  sod  pieces  or  seed 
(Gleason  1963,  Beard  1973,  Heath  et  al.  1973). 

Perennial  ryegrass  (Lolium  perenne) 

The  ryegrasses  have  the  most  rapid  establishment 
rate  of  the  commonly  used  cool-season  turfgrasses. 
A  native  of  Asia  and  North  Africa,  perennial  ryegrass 
is  a  short-lived  perermial  in  many  regions  but  can 
persist  indefinitely  in  benign  temperature  condi¬ 
tions.  Best  adapted  to  cool,  moist  conditions,  it  is 
generally  not  tolerant  of  extreme  heat,  drought  or 
strongly  acid  soils.  Though  intolerant  of  extreme 
cold,  some  cultivars  are  available  with  improved 
low-temperature  resistance.  There  are  conflicting 
reports  concerning  its  shade  tolerance  and  success  in 
wet  or  waterlogged  soils.  It  is  propagated  by  seed 
and  is  quick  to  germinate  and  become  established.  It 
has  a  fibrous  root  system. 

Timothy  (Phleum  pratense) 

Introduced  from  Europe,  timothy  is  adapted  tc 
cool,  humid  climates,  where  it  may  persist  as  a  per¬ 
ennial.  It  has  a  shallow  fibrous  root  system  and 
grows  in  bunches,  with  poor  sod-forming  capability. 
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It  is  intolerant  of  mowing.  It  has  good  low-tempera¬ 
ture  tolerance  but  poor  tolerance  of  heat  ai  id  drought. 
Unlike  most  other  turfgrasses,  it  develops  corms 
from  lower  internodes  of  the  stem  for  storage  of 
carbohydrates,  forming  in  early  summer  and  dying 
within  a  year.  Propagation  is  by  seed,  with  fairly 
rapid  establishment  (Beard  1973). 

Indian  ricegrass  (Oryzopsis  hymenouics) 

This  cool-season  native  perennial  is  confined  to 
north-central  areas  of  the  U.S.  It  is  a  drought-toler¬ 
ant  species  of  plains  and  deserts  found  growing  in 
dry  sandy  and  silty  soils  and  disturbed  sites.  It  starts 
growth  in  early  spring  (Sfubbendieck  1986). 

Tall  fescue  {Fcstuca  annuiinacea) 

This  cool-season  perennial  turfgrass,  introduced 
from  Europe,  is  long-lived  in  the  transitional  zone 
between  cool,  humid  and  warm,  humid  regions.  Its 
root  system  is  extensive,  coarse  and  deeper  than 
that  of  most  cool-season  turfgrasses.  It  has  better 
drought  and  wear  tolerance  than  most  turfgrasses. 
It  is  prone  to  low-temperature  injury  in  cold,  humid 
areas  and  has  intermediate  shade  tolerance.  It  pro¬ 
duces  short  rhizomes,  but  most  new  shoots  arise 
from  the  crown  rather  than  the  nodes  of  the  rhi¬ 
zomes.  Propagation  is  by  seed.  It  tolerates  wet  soil 


and  flourishes  in  the  spring  and  fall  (Sprague  1970, 
Beard  1973). 

Hard  fescue  (Festuca  ovina  var.  durar) 

This  cool-season  perennial  was  introduced  from 
Europe  and  has  a  tufted  habit  and  extensive  root 
system.  It  has  moderate  drought  tolerance  and  high 
moisture  tolerance  and  is  adapted  for  shaded  condi¬ 
tions.  It  is  propagated  by  seed.  It  will  not  tolerate 
mowing  at  less  than  1  inch.  Thedi/rarcultivaris  well 
adapted  to  cool,  subhumid  and  semi-arid  regions.  It 
is  more  uniform,  drought  resistant  and  shade  toler¬ 
ant  than  other  common  fescues  (Beard  1973). 

Big  bluegrass  (Port  ampla) 

This  vigorous,  perennial  bunchgrass  is  native  to 
North  America,  occurring  throughout  the  West 
(Heath  et  al.  1973). 

Switchgrass  {Panicum  virgatum) 

Native  to  North  America  and  widespread  almost 
everywhere  east  of  the  Rocky  Mountains,  this  grass 
is  found  in  open  woods,  prairies,  dunes,  shores  and 
brackish  marshes.  It  is  a  tall,  perennial  sod-forming 
grass  spread  ing  slowly  by  short  rhizomes.  It  is  good 
for  hay,  summer  pasture  and  erosion  control.  Propa¬ 
gation  is  by  seed  (Gleason  1963,  Heath  et  al.  1973). 
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APPENDIX  B:  DATA  TABLES  AND  SPECIES  RESPONSE  GRAPHS* 

Birdsfoot  trefoil 


Treatment 

Plate 

no. 

Elapsed  time  tdavs)  from  start  of  incubation  period 

1  2 

3  4  5 

6  7 

S  9  10 

11  12 

13 

14 

Rrmaininx 

Total 

Seeds  germinated 

after  time  noted 

1  (cold 

31f 

0 

39 

8 

0 

0 

1 

0 

65 

113 

treatment) 

312* 

0 

42 

15 

0 

0 

1 

0 

38 

% 

313* 

0 

8 

12 

0 

0 

0 

0 

77 

97 

2  (warm 

321 

0 

0 

0 

0 

0 

0 

0 

48 

48 

soak — 1  day) 

322 

0 

1 

1 

0 

0 

1 

1 

46 

50 

323 

0 

0 

0 

0 

0 

1 

1 

44 

46 

3  iwarm 

331 

0 

0 

1 

0 

0 

0 

0 

48 

49 

soak — 3  days) 

332 

0 

0 

0 

0 

0 

0 

0 

44 

44 

333 

0 

0 

0 

0 

0 

0 

0 

49 

49 

4  (cold 

341 

0 

20 

3 

0 

1 

0 

0 

26 

50 

soak — 1  day) 

3^2 

0 

25 

2 

0 

2 

0 

1 

19 

49 

343 

0 

19 

2 

1 

1 

0 

0 

25 

48 

5  (cold 

351 

0 

13 

2 

0 

0 

0 

0 

32 

47 

soak — 3  days) 

352* 

0 

0 

353 

0 

12 

5 

0 

0 

1 

0 

30 

48 

6  (GA3  — 

361 

0 

38 

0 

1 

1 

0 

0 

10 

50 

200  ppm) 

362 

0 

43 

2 

0 

0 

0 

0 

3 

48 

363 

0 

47 

0 

0 

0 

0 

0 

5 

52 

7{G.\3- 

371 

0 

45 

3 

1 

0 

0 

0 

10 

59 

2000  ppm) 

372 

0 

43 

0 

0 

0 

0 

0 

9 

52 

373 

0 

46 

2 

0 

0 

0 

0 

6 

54 

8  (GA3  + 

381 

0 

38 

3 

0 

0 

0 

0 

10 

51 

kinotin) 

382 

0 

44 

1 

3 

0 

0 

0 

6 

54 

383 

0 

46 

1 

0 

0 

0 

0 

9 

56 

9  (kinetin) 

391 

0 

35 

1 

0 

0 

1 

0 

10 

47 

392 

0 

28 

3 

0 

1 

0 

0 

16 

48 

393 

0 

35 

2 

0 

2 

0 

0 

14 

53 

0  (Control) 

301 

0 

40 

3 

0 

0 

1 

0 

3 

47 

302 

0 

37 

1 

0 

0 

0 

0 

15 

53 

303 

0 

42 

2 

0 

0 

1 

0 

9 

54 

Average  50.2 

Percentage  of  seeds  germinated  (cumulative) 

I 

0 

14 

20 

20 

20 

21 

21 

2 

0 

1 

1 

1 

1 

3 

4 

3 

0 

0 

1 

1 

1 

1 

1 

4 

0 

48 

49 

52 

52 

52 

5 

0 

26 

34 

34 

34 

35 

35 

6 

0 

85 

87 

87 

88 

88 

88 

7 

0 

81 

84 

85 

85 

85 

85 

8 

0 

79 

83 

84 

84 

84 

84 

9 

0 

66 

70 

70 

72 

73 

73 

0 

0 

78 

82 

82 

82 

83 

83 

*  During  the  overnight  soak,  about  half  of  these  seeds  imbibed  while  half  did  not.  Two  sets  of  plates  were  therefore 
prepared.  There  was  no  difference  between  them. 


t  Plate  352  was  lost;  no  data  are  available. 


*  The  tables  contain  the  unprocessed  data  obtained  dur¬ 
ing  this  study  and  the  cumulative  percent  germinated  on 
each  day  counts  were  done.  The  associated  graphs  show 
the  cu  mula  ti  ve  percentages  of  germinated  seeds  through¬ 
out  the  period  of  observation. 
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Ladino  clover 

n^tf  Lifted  tmt  ‘‘Hf'/.frm  il»rl  of  mutation  tmad _ 


rmifnimi 

no 

I  2 

1  4 

8 

6 

«  9 

10  II 

12  13  14 

Settb  germinatod  thrt  liaM  noted 

1  uoid 

811 

11 

21 

8 

6 

0 

45 

812 

14 

26 

1 

•> 

0 

45 

811 

21 

12 

8 

0 

46 

2  iwarn> 

821 

(' 

11 

27 

0 

0 

0 

0 

0 

3 

49 

vijk“  1  davl 

822 

V 

20 

28 

0 

t> 

0 

0 

0 

2 

52 

821 

1 

18 

28 

0 

0 

0 

0 

0 

2 

46 

'  1  warm 

8,11 

0 

0 

80 

1 

l> 

II 

0 

11 

1 

52 

•oak  -1  davi) 

812 

0 

0 

41 

0 

(1 

0 

0 

0 

2 

51 

811 

0 

0 

82 

1 

0 

0 

0 

0 

2 

55 

4  u..Ui 

841 

14 

11 

1 

0 

0 

0 

0 

0 

5 

53 

MMk  '  1  llav ) 

842 

11 

11 

c 

0 

0 

(1 

0 

(1 

2 

57 

841 

12 

14 

4 

0 

SO 

■i  Irold 

8,81 

41 

•? 

6 

0 

54 

soak  -TdavN) 

8,82 

48 

2 

2 

0 

52 

881 

44 

8 

2 

0 

51 

h  (<  ;a  1— 

861 

81 

0 

51 

2iHI  ppm 

862 

49 

2 

0 

51 

861 

47 

2 

0 

49 

7  (t'.Ar- 

871 

80 

0 

50 

21HX)  ppm) 

872 

48 

2 

2 

1 

0 

50 

873 

47 

0 

3 

0 

50 

8  (C.A,  ♦ 

881 

47 

0 

0 

0 

0 

0 

0 

0 

2 

49 

kmetin) 

882 

46 

3 

1 

0 

50 

883 

40 

8 

3 

0 

51 

d  (Icinetin) 

891 

30 

21 

2 

0 

0 

0 

0 

1 

1 

55 

892 

18 

16 

9 

6 

0 

0 

0 

0 

2 

51 

893 

36 

17 

3 

0 

56 

0  (Control) 

801 

28 

14 

I 

I 

0 

0 

0 

1 

0 

45 

802 

21 

21 

4 

0 

0 

1 

0 

2 

0 

49 

803 

27 

22 

0 

0 

0 

0 

0 

1 

0 

50 

Average 

51.0 

Percentage  of  seeds  germinated  (cumulative) 

1 

41 

85 

94 

103 

103 

103 

103 

103 

2 

2 

39 

95 

95 

95 

95 

95 

95 

3 

0 

0 

96 

97 

97 

97 

97 

97 

4 

61 

89 

96 

96 

96 

96 

96 

96 

5 

85 

94 

100 

100 

100 

100 

100 

100 

6 

97 

101 

101 

101 

101 

101 

101 

101 

7 

95 

97 

102 

104 

104 

104 

104 

104 

8 

89 

96 

99 

99 

99 

99 

99 

99 

9 

52 

85 

94 

99 

99 

99 

99 

100 

0 

53 

92 

96 

97 

97 

97 

97 

100 

2  4  6  8  10  12  14 

Elapsed  Time  (days) 
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BuffalogrM* 


1  'cutincnl 

/'((ill 

•'ll' 

i 

1  U.-ld 

,1 

lr*Mlnu'i'i  i 

il 

2  { vvjrm 

tl 

s»>ak  1  djv  1 

'^22 

1’ 

^1 

1  m.irn\ 

l1 

smik  1d.HA/ 

< ) 

ll 

4  u.'ld 

441 

(> 

MUk  1  duV  1 

442 

0 

44^ 

l» 

1  I.old 

4^1 

(1 

S4Mk-  1  d.HA| 

4*12 

(' 

i) 

h  11.  A  - 

4M 

0 

2ik'  ppni ' 

4^2 

l' 

4#aA 

1) 

2  (l.Ai-- 

4:'! 

2tXH'  ppm) 

4-2 

IJ 

47  ^ 

(1 

S  (C.A  t 

(f 

kiivlin) 

4H2 

0 

4K3 

0 

u  (kinvtin) 

441 

0 

442 

0 

44 

0 

0  (Control) 

41)  1 

0 

4(12 

0 

403 

0 

1 

0 

2 

0 

3 

0 

4 

0 

5 

0 

6 

1) 

7 

(1 

R 

0 

9 

0 

IL_  - 

0 

f  f  iwi,  ^  U» 

«  :  I  '  -•  '  • 

S«^ft  K^rtRiiwMed  4tlef  iioi^  fuKnl 


Pfrr«nMg«  of  »M<I*  germinated  (cumulative) 


I)  ((  0  0 

111  1 

112  2 

III  2 

III  1 

111  > 

0  0  0  0 

112  2 

0  0  0  0 

0  0  0  _ .11 


; 

n 

Kcwbururu  ■ 

w<J» 

li 

’’■d 

V 

n  ; 

4v 

\  • 

r,  •, 

, 

^2 

<a2 

, . 

( 1 

t."* 

1) 

(1 

4" 

4v 

ri 

.. 

It 

11 

11 

{• 

1' 

44 

1(1 

if 

0 

40 

«t 

,« 

1* 

il 

ii 

*'2 

ll 

1* 

S2 

S3 

II 

n 

i> 

44 

SI 

I'- 

It 

0 

Ki 

51 

tl 

it 

0 

1(1 

SO 

0 

0 

44 

S2 

0 

i) 

(1 

K) 

S) 

0 

0 

■> 

4R 

S) 

*) 

0 

1 

4« 

.SI 

0 

1) 

1 

4R 

S) 

0 

1) 

0 

4R 

49 

It 

1) 

1) 

52 

52 

0 

1) 

0 

51 

51 

0 

0 

0 

53 

53 

0 

1 

0 

49 

50 

1) 

0 

0 

50 

50 

0 

0 

0 

51 

51 

Average 

50.7 

ativrl 

0 

0 

0 

3 

3 

3 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

0 

2 

6 

2 

2 

4 

0 

0 

0 

.  .Q_ 

.  L 

_ 

■  Cold  Treatment 
A  Warm  Soak  (1  day) 
A  Warm  Soak  (3  days) 
4  Cold  Soak  (t  day) 

0  Cold  Soak  (3  days) 
a  GA3-200ppm 
O  GA3-20(X)ppm 
□  GA3  +  Kinetin 
V  Kinetin 
T  Control 


6  8  10 
Elapsed  Time  (days) 
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Perennial  ryegrass 


PUU 

/  flWM’ 

<  »tdrf  rm 

uiMiJtm  pertoii 

fU' 

t  4 

8  8  10 

Il  i: 

H 

14 

Remaining 

Total 

Seeds  Kerxxxted  aflef  lime  noted 

1  1 

*' 

IH 

1 

2 

0 

4 

22 

51 

'f 

e»  •  ^ 

'  1 

24 

> 

2 

\ 

2 

1 

0 

2 

14 

51 

)  i 

4 

2 

1 ' 

1 

0 

4 

13 

46 

'vl 

M 

. 

2 

i‘ 

1 

■y 

1 

0 

11 

51 

s««.sK  .1.*% 

^22 

:i 

»v 

"> 

7 

t) 

1 

0 

0 

18 

50 

M 

1 

(I 

1 

0 

0 

13 

46 

’  V\.lfTT 

■' 

•1 

>< 

2 

1 1 

0 

4 

1 

2 

30 

51 

V, i.>k  ^  l.r, 

1  t 

1 

(1 

■y 

(} 

1 

37 

50 

h^\ 

0 

4 

t; 

»s 

1 

il 

•y 

1 

0 

32 

51 

i  -..i.l 

MI 

l‘ 

1 

tl 

1 

(1 

0 

18 

48 

MV.lk  1  .1.1\  ' 

m: 

It 

u 

i 

i) 

0 

I 

0 

1 

11 

47 

Ml 

i) 

I 

0 

(1 

I 

(1 

2 

10 

47 

^  uokl 

0 

41 

0 

<• 

i 

tl 

11 

0 

5 

48 

VMk.  •  ^  ilj\ 

l> 

> 

•» 

II 

il 

1) 

1 

0 

9 

46 

0 

Us 

I) 

i' 

0 

1 

0 

0 

5 

45 

h  ((  ,A 

1 

0 

Us 

i» 

0 

() 

2 

0 

0 

0 

12 

50 

2tH>  ppmi 

(I 

(> 

•> 

(1 

0 

0 

0 

1 

12 

hTil 

0 

2S 

S 

■> 

0 

0 

0 

0 

12 

”  ll  .A,  - 

t<71 

11 

1) 

1 

0 

0 

1 

0 

0 

5 

-iKK'  ppriil 

h72 

0 

w 

4 

1 

0 

0 

1) 

0 

0 

18 

h73 

0 

^2 

4 

2 

J 

0 

1 

0 

0 

13 

53 

S  (C.A-,  ♦ 

Ml 

n 

11 

0 

1 

0 

0 

0 

0 

0 

17 

48 

f^H2 

i) 

n 

11 

4 

4 

0 

1 

0 

0 

14 

46 

M3 

0 

.10 

4 

2 

0 

0 

0 

0 

0 

11 

47 

'■1  (kiiu'tin) 

Ml 

0 

14 

6 

2 

1 

1 

0 

0 

0 

6 

50 

M2 

0 

‘^7 

1 

2 

2 

0 

1 

0 

1 

12 

47 

683 

0 

0 

4 

2 

7 

7 

7 

I 

3 

22 

53 

0  (Control) 

601 

0 

34 

0 

1 

0 

0 

0 

1 

0 

6 

42 

602 

0 

27 

4 

3 

0 

2 

2 

1 

0 

10 

48 

603 

(1 

36 

4 

1 

0 

0 

0 

0 

1 

8 

50 

Average 

48.f 

Percentage  of  seeds  germinated  (cumulative) 

1 

0 

37 

47 

52 

56 

58 

60 

60 

67 

T 

0 

?8 

63 

67 

69 

68 

72 

73 

73 

3 

0 

7 

18 

26 

26 

26 

32 

33 

35 

4 

0 

62 

67 

68 

68 

68 

71 

71 

74 

5 

0 

78 

80 

86 

86 

87 

87 

88 

88 

6 

0 

66 

70 

74 

75 

77 

77 

77 

78 

7 

0 

67 

72 

74 

75 

75 

76 

76 

76 

8 

0 

52 

63 

68 

70 

70 

70 

70 

70 

Q 

0 

42 

50 

54 

60 

65 

70 

70 

73 

0 

0 

68 

75 

78 

82 

83 

84 

86 

87 

Elapsed  Time  (days) 
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Timothy 


Plate 

Flapsed  time  IJaps)  from  start  p/iacuiMteLKOaL 

_ _ 

— 

Treatnu’nt 

I  2 

3  4  5  6 

7 

8  9  10 

11  12 

13 

14 

Seeds  germinated  after  time  noted 

1  (cold 

111 

0 

28 

11 

2 

3 

3 

treatment) 

112 

0 

32 

5 

1 

2 

1 

113 

0 

40 

5 

1 

1 

0 

2  (warm 

121 

0 

45 

2 

1 

0 

0 

soak — I  day) 

122 

0 

34 

6 

2 

2 

0 

123 

0 

42 

4 

0 

3 

0 

1 

3  (warm 

131 

(1 

32 

5 

3 

2 

0 

soak — 3  days) 

132 

0 

15 

13 

4 

3 

1 

133 

0 

18 

6 

3 

2 

4 

4 (cold 

141 

0 

45 

2 

0 

1 

0 

soak — 1  day) 

142 

0 

46 

2 

0 

0 

0 

143 

0 

49 

0 

0 

0 

0 

5 (cold 

151 

0 

46 

1 

0 

0 

0 

soak — 3  days) 

152 

0 

47 

I 

0 

2 

153 

0 

18 

21 

6 

1 

2 

6  (GA3 — 

161 

0 

48 

0 

0 

1 

0 

200  ppm) 

162 

0 

44 

1 

2 

3 

163 

n 

45 

1 

0 

0 

7(GA-^ 

171 

0 

47 

1 

I 

0 

2 

2000  ppm) 

172 

0 

48 

0 

0 

0 

0 

173 

0 

45 

4 

0 

0 

8  (GA3  + 

181 

0 

43 

3 

0 

0 

0 

kinetin) 

182 

0 

46 

3 

0 

0 

0 

183 

0 

47 

1 

0 

1 

0 

9  (kinetin) 

191 

0 

44 

1 

0 

1 

0 

1 

192 

0 

44 

3 

0 

2 

0 

193 

0 

46 

1 

0 

0 

0 

0  (Control) 

101 

0 

41 

4 

0 

1 

1 

102 

0 

42 

4 

0 

1 

3 

103 

0 

44 

1 

0 

0 

0 

Percentage  of  seeds  germinated  'cumulative) 

1 

0 

68 

82 

85 

89 

91 

91 

2 

0 

79 

86 

88 

92 

92 

92 

3 

0 

48 

65 

72 

77 

80 

80 

4 

0 

94 

97 

97 

97 

97 

97 

0 

72 

87 

91 

93 

94 

94 

0 

91 

92 

93 

96 

97 

97 

7 

0 

91 

94 

95 

95 

96 

96 

0 

91 

95 

95 

96 

96 

96 

9 

0 

91 

95 

95 

97 

97 

97 

0 

0 

86 

92 

92 

93 

96 

96 

Remaining  Total 


5  52 

7  48 

1  48 
3 
7 

2 
1 

14 
13 
1 
2 
1 

3 
2 

4 
1 
2 
1 
4 
2 
0 
2 
2 
2 

0 
4 
3 
1 
2 

Average 
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Indian  ricegrass 

Elapsed  time  (itoys)  from  start  of  incubation  period 


Iffatment 

*1(1 

/ 

2 

3  4 

5 

6 

7 

8 

_9  10  U 

12  13 

14 

Remaining 

Total 

Se«da  germiiuted  after  lime  noted 

I  (0>lvl 

rii 

0 

14 

4 

2 

0 

0 

1 

0 

0 

29 

50 

trodtnuMit) 

712 

0 

7 

3 

1 

3 

1 

2 

2 

1 

31 

51 

713 

0 

11 

2 

5 

5 

3 

0 

0 

0 

25 

51 

2  Uv.ujii 

’21 

0 

7 

2 

5 

0 

1 

1 

1 

0 

36 

53 

SMk  -  1  J.»\  1 

-•1 1 

0 

4 

5 

1 

1 

0 

1 

0 

0 

35 

52 

723 

*' 

"2 

7 

0 

2 

0 

0 

0 

0 

32 

48 

^  '  w.inii 

731 

0 

3 

4 

2 

1 

0 

2 

0 

0 

39 

51 

MMk  --  ^  s| 

732 

0 

4 

2 

0 

1 

1 

0 

3 

0 

40 

51 

’33 

0 

2 

T 

2 

1 

0 

0 

0 

0 

44 

51 

4  Kokl 

741 

0 

h 

4 

4 

0 

0 

0 

0 

1 

36 

51 

soak--  1  J.n  ) 

’42 

0 

•4 

6 

2 

1 

1 

1 

0 

0 

31 

51 

743 

0 

H 

3 

3 

0 

0 

0 

0 

0 

38 

52 

UolJ 

7'^1 

0 

24 

3 

0 

1 

0 

0 

1 

0 

17 

46 

•'I'.ik •  -4  cku  s) 

7'^2 

0 

21 

3 

2 

0 

0 

0 

0 

0 

26 

52 

7=3 

0 

IS 

1 

2 

() 

0 

0 

1 

0 

29 

48 

V.Ai— 

’M 

0 

23 

6 

10 

0 

0 

0 

2 

0 

11 

52 

2\)0  f'pni) 

7h2 

0 

23 

/ 

3 

0 

0 

1 

0 

0 

15 

49 

7h3 

0 

20 

3 

6 

3 

0 

2 

1 

0 

16 

51 

"'aiAi- 

’71 

0 

27 

2 

5 

1 

0 

0 

0 

0 

14 

49 

-1—^ 

2S 

1 

2 

1 

0 

2 

0 

0 

17 

51 

774 

0 

17 

6 

6 

1 

0 

7 

2 

1 

12 

52 

s  a'.A;  ' 

7S1 

0 

22 

s 

4 

0 

0 

1 

0 

0 

20 

52 

kinotiM  1 

7h2 

0 

26 

s 

1 

0 

0 

0 

0 

0 

17 

49 

783 

0 

23 

1 

1 

1 

0 

1 

0 

0 

22 

49 

1  kllH'tini 

0 

7 

6 

3 

1 

0 

0 

1 

0 

33 

51 

7^)2 

u 

6 

14 

3 

1 

0 

0 

1 

0 

25 
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0 

0 

0 

0 

0 

0 

36 
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g 
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1 

33 

49 
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c 

11 
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0 
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0 

8 
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0 

0 

0 

2 

0 

27 
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Average 

50.3 

Percentage  of  seeds  germinated  (cumulative) 
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62 
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74 

76 

S 
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33 
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0 
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31 

33 

36 
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Tall  fescue 


Plutf 

time  (davst  from  start  oj  ifif  uhtf  fuiM period 

Treatmcn' 

«<> 

I  2 

3  4  5 

6 

8  9  10 

11  12 

13 

14 

Remaining 

Total 

Seeds  germinated  after  time  noted 

1  (cold 

211 

0 

3 

S 

0 

15 

3 

2 

21 

48 

treatment) 

212 

0 

6 

6 

3 

12 

5 

2 

17 

51 

213 

0 

3 

11 

0 

18 

8 

1 

13 

54 

2  (warm 

221 

0 

28 

11 

1 

1 

0 

0 

8 

50 

soak — 1  day) 

sss 

0 

35 

6 

1 

0 

0 

1 

8 

51 

223 

0 

33 

5 

0 

1 

1 

0 

8 

48 

3  (warm 

231 

0 

17 

11 

0 

2 

0 

1 

16 

47 

soak — 3  days) 

232 

0 

15 

10 

0 

2 

1 

0 

17 

45 

233 

0 

20 

11 

1 

4 

2 

1 

10 

48 

4  (arid 

241 

0 

30 

8 

2 

3 

0 

0 

5 

48 

soak — 1  day) 

242 

0 

32 

4 

0 

1 

0 

0 

12 

48 

243 

0 

37 

7 

0 

1 

0 

0 

2 

47 

3  (arid 

251 

0 

28 

4 

1 

2 

1 

1 

10 

47 

soak — 3  days) 

252 

0 

28 

8 

1 

1 

0 

0 

6 

46 

253 

0 

22 

13 

0 

4 

1 

0 

6 

46 

tr(GA,— 

2hl 
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33 

4 

0 

2 

0 

0 

5 

44 

200  ppm ) 

262 

0 

31 

5 

3 
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0 

0 

7 

46 

263 

0 

37 

6 

I 

1 
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0 

6 

51 

7  (GA.i- 

271 

0 

38 

6 

0 

1 

0 

0 

6 

51 

2lkH)  ppm) 

272 

0 

32 

14 

0 

1 

0 

0 

4 

51 

273 

0 

31 

10 

0 

0 

0 

0 

8 

50 

H  (GA  i 

281 

0 

23 

13 

0 

2 

0 

1 

10 

48 

kinetin) 

282 

0 

28 

10 

0 

2 

0 

0 

12 

52 

283 

0 

26 

12 

0 

0 

0 

0 

11 

48 

r)  (kmetin) 

281 

0 

23 

15 

0 

2 

0 

1 

6 

47 

282 

0 

18 

13 

1 

0 

2 

0 

9 

43 

283 

0 

23 

15 

1 

0 

1 

1 

7 

48 

1)  (G(’ntrol) 

201 

0 

18 

23 

0 

1 

0 

1 

8 

52 

202 

0 

21 

18 

0 

0 

1 

0 

6 

47 

203 

0 

22 

16 

0 

0 

0 

0 

6 

44 

Average 

484 

Percentage  of  seeds  germinated  (cumulative) 

1 

0 

8 

22 

4 

53 

63 

6" 

2 

0 

64 

78 

80 

81 

82 

83 

3 

0 

37 

58 

60 

66 

68 

68 

4 

0 

68 

82 

83 

87 

87 

87 

3 

0 

57 

76 

77 

82 

84 

84 

b 

0 

72 

82 

85 

87 

87 

87 

7 

0 

66 

86 

86 

87 

87 

87 

H 

0 

51 

75 

75 

77 

77 

78 

4 

0 

46 

77 

78 

80 

83 

84 

(1 

0 

43 

83 

83 

84 

85 

85 

15 


Big  bluegrau 


Plate 

Elapsed  time  (days)  from  start  of  inculiation  period 

Treatment 

no. 

I  2 

3  4 

5  6 

7  «  9  10 

1?  12 

13 

14  Remamint 

ToUd 

Seeds  genninated  after  time  noted 

1  (cold 

511 

0 

5 

4 

3 

0 

0 

35 

47 

Irealment) 

512 

0 

3 

0 

4 

2 

2 

40 

5i 

513 

0 

0 

1 

5 

2 

0 

44 

52 

2  (warm 

521 

0 

0 

2 

8 

2 

1 

42 

55 

>t>ak — 1  dav) 

522 

1) 

0 

0 

9 

8 

0 

33 

50 

523 

0 

1 

3 

16 

2 

2 

25 

49 

3  (warm 

531 

0 

0 

0 

2 

S 

1 

42 

50 

soak — 3  days 

532 

0 

0 

3 

4 

2 

0 

38 

47 

533 

0 

0 

1 

6 

1 

0 

39 

47 

4  (cold 

541 

0 

11 

10 

1 

0 

0 

27 

49 

Si>ak — 1  day) 

542 

0 

12 

5 

0 

2 

0 

30 

49 

543 

0 

14 

7 

5 

2 

0 

18 

46 

S  (cold 

551 

u 

b 

3 

0 

5 

0 

36 

50 

stiak — 3  days) 

552 

0 

4 

2 

0 

1 

0 

44 

51 

553 

0 

5 

b 

0 

1 

0 

35 

47 

6  (GA,— 

581 

0 

14 

4 

0 

3 

0 

21 

42 

200  ppm) 

562 

0 

18 

3 

0 

0 

0 

25 

46 

563 

0 

23 

1 

2 

2 

0 

21 

49 

7  (GA,- 
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0 

40 

3 

0 

1 

0 

6 

50 
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572 

0 

39 

6 

0 

0 

0 

15 

60 
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0 

28 

6 

0 

0 

0 

26 

60 

8  (GA  + 

581 

0 

38 

6 

0 

2 

0 

13 

59 
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0 

34 

3 

0 

0 

0 

14 

51 
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0 

40 

2 

0 

0 

0 

8 

50 
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3 

0 

25 

50 
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0 

17 

1 

0 

1 

1 

25 

45 
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0 

17 

7 

0 

0 

0 

23 

47 

0  (Control) 
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0 

8 
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0 

2 

0 

32 

45 
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0 

7 

1 

0 

0 

0 

34 

42 
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7 

3 
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3 

0 

35 

52 

Average  49.( 

Percentage  of  seeds  germinated  (cumulative) 
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0 
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16 
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27 
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Hard  fescue 


Plate _ Elapsed  time  (days)  from  start  of  ineubatioii  period 
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a  9 
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Seeds  germinated  after  time  noted 

1  (cold 
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0 

26 

5 

1 

I 

0 
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0 

17 

51 
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0 
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21 

53 
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12 

13 
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19 

48 

2  (warm 

1021 

0 

32 

9 

0 

1 

0 

0 

0 

9 

51 
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49 
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C'j  •t  m  X  oc 


Treatment 


1  (cold 
treatment) 


2  (warm 
soak — 1  day) 

1  (warm 
soak — (t  siavs) 

4  (cold 

soak — I  day) 

5  (cold 

soak — 3  days) 

f'  (CAi — 

20(1  ppm) 

7(GA,- 
2000  ppm) 

8(GA  + 
kinetin) 
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0  (Control) 


4 
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Plate  _ 
iiu.  I  2 
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411  0 

412  0 

413  0 

421  0 
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423  0 

431  0 

432  0 
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4t)2  0 
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402  0 
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0 

0 

0 

0 

0 

0 

0 

0 
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Seeds  germinated  after  time  noted 
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27 
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28 
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0 

21 
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31 

1 
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0 

0 

29 

0 

2 

0 

0 

24 
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0 

1 

0 

25 

4 

0 

0 

0 

24 

5 

0 

! 

0 

23 

4 

0 

1 

0 

11 

s 
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1 

0 

34 

6 

0 

0 

0 

32 

5 

0 

1 

0 

37 

1 

0 

0 

0 

32 

2 

0 

1 

0 

28 

1 

0 

3 

0 

20 

1 

1 

0 

0 

33 

4 

2 

1 

0 

27 

3 

0 

2 

0 

43 

3 

0 

0 

0 

40 

4 

1 

1 

0 

46 

3 

0 

0 

1 

40 

4 

0 

0 

0 

48 

42 

8 

I 

0 

0 
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22 

11 
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0 
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10 
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0 
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0 

9 
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0 
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0 
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59 
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63 

63 

59 

60 

61 

62 

62 

51 

60 

60 

61 

61 

65 

73 

73 

75 

75 

65 

68 

68 

70 

70 

53 

59 

61 

63 

63 

86 

93 

43 

94 

95 

83 

90 

91 

91 

91 

48 

63 

63 

66 

66 

26 

45 

48 

51 

51 

14 _ Remaining  Total' 


0  17  51 

0  16  50 

0  19  50 

0  20  50 

0  18  50 

0  19  50 

0  20  50 

0  21  50 

0  15  50 

1  21  50 

0  16  50 

0  10  50 

0  12  50 

0  12  50 

0  14  49 

1  17  50 

1  27  50 

1  9  50 

0  IS  50 

0  4  50 

0  4  50 

0  50 

0  6  50 

0  0  57 

0  8  50 

0  11  50 

0  16  50 

0  24  50 

0  27  50 

0  26  50 

0  20  50 

Ayerage  502 

63 
62 
62 
75 
71 

64 
95 
91 
66 
51 


•  Since  the  seeds  remaining  were  only  counted  for  two  samples  of  this  species,  sample  total  was  assumed  to  be  50,  and  ayerage 
and  standard  deyiation  were  not  calculated  ^ 


Relative  Success  ol  Treatment 


APPENDIX  C:  RELATIVE  EFFECTIVENESS  OF  EACH  OF  THE 
NINE  TREATMENTS  USED  ON  THE  TEN  SPECIES  STUDIED 


The  y-values  of  these  graphs  are  calculated  by  di¬ 
viding  the  cumulative  percentage  of  seeds  germi¬ 
nated  each  day  by  the  cumulative  percentage  of 
seeds  of  the  control  germinated  on  the  same  day. 


Elapsed  Time  (days) 


Warm  soak — 3  days. 


Thus,  a  value  of  2  means  that  the  treatment  had  twice 
the  proportion  of  seeds  germinated  as  the  control 
did,  while  a  value  of  0.5  means  that  the  treatment  had 
only  half  the  proportion  as  the  control. 
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Relative  Success  of  T reatment  Relative  Success  of  T reatment 
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